The Richard L'Abbé Makerspace at the University of Ottawa-Ontario, opened 
Introduction
Makerspaces are informal sites for creative production in art, science and engineering where people of all ages blend digital and physical technologies to explore ideas, learn technical skills, and create new products; Participants in these Makerspaces are of all ages, and levels of experience (Sheridan et al., 2014) .
Engineering schools are opening Makerspaces to provide creative spaces, and bolster design and prototyping activities on campus by providing students with access to prototyping technologies, and encouraging collaboration between diverse teams of students (Forest et al., 2014) . As well, they complement design courses, and answer the need for more practice-based engineering that compliments existing theoretical class structure (Barret et al., 2015) . Barret noted that the key benefits of Makerspaces to its users in engineering schools are building physical models, and the benefits inherent of informal learning environments and communities. Those benefits include enhanced academic performance, integration of academic and social experiences, gains in multiple areas of skill, competence, and knowledge, and overall satisfaction with the college experience (Zhao, D. Kuh, 2004) . Makerspaces also work to strengthen community ties by offering a space for the community that facilitate and foster broader community life (Moilanen, J., 2012) .
Communities of Practice
Wenger (2002) defined Communities of Practice as "groups of people who share a passion about a topic, interact on an ongoing basis to deepen their knowledge and expertise, share information, insight, advice, and help each other to solve problems. He also recognized that CoPs, despite the variations among them, all share a basic structure: A domain of knowledge, that the group shares interest in; A community of people, that represents the social fabric of learning and encourages a willingness to share knowledge among participants; A shared practice, that represents the knowledge the community develops, shares, and maintains (Wenger, 2002, p. 27-29) .
CoPs allow their participants to develop professionally, remain at the forefront of their discipline, and gain confidence in their own expertise (Millen, Fontaine, & Muller, 2002) . Student CoPs provide a unique opportunity to engineering schools by allowing students to form networks to exchange knowledge and skills, engaging students on campus, and creating a collaborative learning environment that provides students with access to authentic activity, and situative learning environment. Lave and Wenger (1991) argued that learning is a process that takes place in situated contexts of practice through participation and group activities. They also argue that the acquisition of knowledge is social process in which people participated in communal learning at different levels depending on their authority in a group, whether they were a new or an active participant. Lave (1991) argued that knowledge and skill develop in the process-and as an integral part of the process-of becoming like master practitioners within a community of practice. She also noted that apprenticeship learning provides learners with a broad view of the material to be learned from the very beginning, and a broad exposure to ongoing practice. This work is informed by the definition of knowledge as a product of the activity and situations in which they are produced, and that concepts continually evolve in the learner's mind with each new instant of practice, and every chance of new practice allows for an opportunity to transfer knowledge to new situations (Brown, Collins, & Duguid, 1989, P.33) . They have also argued that when students observe and practice as part of a culture they are exposed to the use of a domain's conceptual tools in authentic activity.
The Richard L'Abbé Makerspace
The Richard L'Abbé Makerspace opened its doors to students and the public in September of 2014. The Faculty of Engineering intended to create a space that fosters innovation, promote interdisciplinary projects, provide access to prototyping facilities, encourage and facilitate students' entrepreneurship, and provide a space for students to realize their designs and acquire and practice new skills, and knowledge.
The Makerspace adopted a model that granted free access to all students on campus, and dedicated Sundays to community engagement. The space was directed by Faculty but the day-today operations are managed by students. The Richard L'Abbé Makerspace's management model is an integrated employee-volunteer model with 9 employees and 10 volunteers per semester.
The Makerspace started with very limited resources, and the Faculty of Engineering covered the initial operating costs. By the second year of opening the Makerspace had doubled in size, offered more advanced tools and equipment and secured more funding from a variety of sources including philanthropic donations and government funding.
Today 3000 students have used the Makerspace, 250 workshops have been held, and 3 design challenges have been organized.
A survey was previously administered to the users of the Richard L'Abbé Makerspace; The survey asked students about the impact the Makerspace had on their engineering skills: Problem analysis, design, team work, communication, use of engineering tools, life-long learning, and entrepreneurial skills (Galaleldin, Bouchard, Anis, & Lague, 2016) . After analyzing Ninety-three responses to the survey, the study revealed that the Richard L'Abbé Makerspace helped engineering students gain more confidence in their engineering knowledge through hands-on experience, prototyping, and continuous iterations of their designs. Of the survey sample, 62% reported that the Makerspace increased their confidence in their problem solving skills through the use of prototyping equipment available in the Makerspace, and the Maker environment and community in the Makerspace; 72% reported that the Makerspace helped them to increase their confidence in their design skills through visualizing and iterating their designs using the prototyping equipment in the Makerspace, it has also increased students' experience with CAD and modeling software, and helped them learn how to design for manufacturability; While 66% said the Makerspace helped them feel more confident in their communication skills as they feel more able to communicate their designs and ideas with their peers; Moreover, 67% of the engineering students who completed the survey used the Makerspace for extracurricular projects, while 40% used it as part of a course related requirement. 50% of the students reported using the Makerspace at least once a month (see Fig-1 ).
Figure 1 -Frequency of participation/use in Richard L'Abbé Makerspace
The focus of this paper is on understanding the impact that Makerspaces have on cultivating student CoPs in engineering schools. We argue that Makerspaces can provide an environment on campus that facilitates the growth of student CoPs. For this study, by "cultivating" we are referring to Wenger observation that even though CoPs are usually self-organized configurations and participation within one is voluntary and organic, good community design can invite, and evoke aliveness. We hypothesize that establishing a resourceful, student run, free access to all, on campus Makerspace would enable students to form a student CoP.
Research Question
The purpose of this research is to identify the role that Makerspaces play in cultivating engineering students' CoPs. 
Methods

Participants
We purposefully invited users who represent the diverse student population. Some users had answered the survey conducted in 2016, but this is not true for all interviewees. To gather broad perspectives, we invited students from both genders and from a variety of engineering disciplines as well as both undergraduate and graduate programs. Moreover, we ensured that we include frequent users, and those who used the space only when they needed to achieve something.
We used purposeful sampling to maximize the variation and representativeness of the sample of engineering students who use the Makerspace. Maximum variation (heterogeneity) sampling insures detailed description of the phenomenon, and helps in identifying shared patterns (Patton, M, 2002) ; Moreover, the strength of heterogeneity sampling is that common patterns that emerge from great variation are valuable in capturing the core experiences and central, shared aspects or impacts of a program (Patton, M, 1990) . Students were invited to participate in the interview via email or in person at the Richard L'Abbé Makerspace. We asked the interviewees what the Makerspace meant for them; How they came to be a participant of the makers CoP, and the frequency of their participation. We also assessed students' feeling of inclusion in the community, and how they would describe this community. Also, we assessed the existence of an apprenticeship learning model in the Makerspace and the exchange of knowledge, skills, and expertise between students -participants of the CoP-.
Interviews conducted based on the principles of ). Interviews were then transcribed and analyzed using definitions from Wenger's CoP model to clarify and verify how the Makerspace impacted the cultivation of a makers CoP on campus. We looked for evidence of idea units that emphasized domain, community and practice.
Results
Participants shared a common interest in "making", tinkering, and realizing their designs. There were five categories of reasons for participation in the Makerspace: accessibility to resources, professional development, self-efficacy, Networking, social interaction and engagement, and learning opportunities.
Making use of Wegner's structure of CoPs, we present in this section the results of the study.
Wegner noted that CoPs are based on three elements: A Domain, a Community, and a Practice. The Domain represents the main topic that the Community shares an interest in, and the Practice is the knowledge the Community shares through a set of frameworks, tools, information, and stories.
(a) Domain
For the participants of this study, the Makerspace represented a space where they can explore their creativity, acquire different skills, and socialize with a diverse group of engineering students. Moreover, the makerspace represented a source of inspiration to students by providing a space where they can showcase their projects to other engineering students.
We identified five categories of reasons why the participants of this makers CoP use the Makerspace and what are the benefits they receive from their participation. The first, Accessibility to resources, such as rapid prototyping equipment and workshops helped students to realize their designs; The second, Professional development opportunities through the application of knowledge acquired in classrooms, and the practice and improvement of students' design skills by learning and practicing CAD software; The third, self-efficacy, as the makerspace helped students to gain confidence in their engineering skills, and abilities to realize projects as future engineers; The fourth, networking, social interaction and engagement reasons, as the Makerspace dismantled disciplinary boundaries and connected engineering students from different disciplines to work together on projects in a fun environment, and connected junior students with their seniors which helped them to learn from their seniors' experience; The fifth, learning opportunities reasons, since the makerspace provided students with free access to resources to work on curricular and extracurricular projects, which allowed for the exchange of skills, and knowledge between students in a creative environment.
"You meet other engineers who are very excited about their projects, and you get more inspiration"
-Quote from a second-year mechanical engineering student. Participants described the community as a welcoming community, that offered a family-like environment on campus. Initially when the Makerspace opened, the makers CoP was composed of the employees and volunteers of the Makerspace but quickly the Makerspace started to gain popularity on campus, and participants invited their friends to use the resources available in the makerspace. The student-run management model of the Makerspace also helped in fostering a creative and positive space, that welcomed a diverse group of participants, with various interests, and skills, who shared a passion for making, exchanged ideas and worked to improve their engineering skills.
Employees and volunteers of the Makerspace, and frequent participants of the Makerspace had the same level of participation in the CoP, while it took new participants some time to familiarize themselves with the environment and with identifying the right people to ask for direction and help whether with the use of equipment or with their own projects.
"what Makerspace did for me is that it made me realize, the first day I came here, and this is my first reaction, these people are playing, these are like grown adults who are playing, and then the more I sat here, for the first three days that I was here I sat and watched" -Quote from a first-year electrical engineering student.
Programs offered by the Makerspace such as workshops, volunteering and work opportunities, design challenges and engineering courses hosted at the Makerspace played an essential role in scaffolding students to participate in the CoP. Also, providing students with free access to tools and prototyping facilities emerged as the principle reason in encouraging students to prototype their designs without considering the cost of their activities which allowed them to iterate their designs as much as they needed.
"I am more capable of doing things now, I can almost do anything now, and I don't have to worry about money, that's always my concern, how much is it going to cost me!"
-Quote from a fourth-year biomedical engineering student.
(c) Practice
Participants of the makers CoP acted as mentors to each other, and played a key role in welcoming new participants, introducing them to the use of tools available in the space, exchanging ideas, advice, and help in relation to projects, and providing inspiration to each other through their various interests, talents, achievements and projects. Employees and volunteers gain significant knowledge and experience while working in the Makerspace, which they transfer to other students in a workshop or when an advice is sought privately. Workshops are accessible to all students across campus, from different faculties, and on Sundays to the public. Many of the participants from outside the University are makers who come to tinker, use the equipment and exchange ideas with engineering students. This opportunity facilitates another form of apprenticeship between students and external community members and is enabled by the free access of the Makerspace.
Interviews showed that participants who viewed themselves as a part of the COP often came to the Makerspace to work on personal projects. Students who didn't see themselves as participants of the CoP came to the Makerspace only when they needed to use the equipment, or when they had a course that required them to use the resources available at the Makerspace.
Interviewees expressed the need for more advanced workshops to enable them to tackle more advanced projects. Existing workshops offer introductory sessions to different equipment, programming languages, and CAD software.
Participants showed a clear desire and interest in helping other students which in turn provided them with more networking opportunities with the campus community. Engineering students cited the desire to meet new friends as one of the drivers of their participation in this community. We also found that the Makerspace helped first year students to be more engaged with the university's environment and connected them to senior students and allowed them to participate and explore engineering projects. 
Discussion
In this paper, we hypothesized that student run Makerspaces with free access to equipment, facilitate the growth of students, increase engineering students' confidence in their engineering knowledge and competencies by providing them with creative environment, and most importantly allowing for the formation of a community of creative students.
We found that the Makerspace enabled the creation of a COP by allowing students who share a passion for hands-on engineering, to expand and develop their knowledge and expertise in various areas of engineering practice through applying theories learned in class, and creating an informal, resourceful, learning environment for students on campus that provides training and free access to equipment in order to allow students to exchange creative ideas, and work on engineering projects. It has also helped students to explore extracurricular interests and work on their personal projects while supporting engineering education through providing means for experiential learning opportunities.
Workshops, courses, design challenges, volunteering and work opportunities offered in the Makerspace help in scaffolding and integrating students in the COP.
In addition, the Makerspace also contributed to providing a venue that allows and supports interdisciplinary projects, which helped students explore other engineering disciplines and learn how to communicate their engineering ideas to others from diverse backgrounds.
Lessons learned
Although our Makerspace played a key role in connecting engineering students from various disciplines, we need to take a more proactive approach in connecting engineering students with other disciplines to increase multidisciplinary collaboration across campus. It was found out that designing multidisciplinary workshops and training opportunities is an excellent venue to facilitate this collaboration.
In the first few years of the Makerspace launch, the focus has been on offering introductory level workshops. However, as the community grew, there is more need to offer opportunities for continuous educational programs.
